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Resumo 6HJXQGR D SURMHomR GR 0LQLVWpULR GD $JULFXOWXUD DWp  XP WHUoR GRV SURGXWRV DJUtFRODV
FRPHUFLDOL]DGRV QRPXQGR VHUi SURGX]LGR QR%UDVLO 3DUD DXPHQWDU D SURGXWLYLGDGH H UHGX]LU GHVSHUGtFLRV R
0LQLVWpULR GD$JULFXOWXUD HVWDEHOHFHX XP QRYR SDUDGLJPD SDUD R GHVHQYROYLPHQWR GDV SURGXo}HV DJUtFRODV
FRPERDVSUiWLFDVGHPDQHMRSDUDRXVR UDFLRQDOGRV UHFXUVRVQDWXUDLVSULQFLSDOPHQWHGRVRORGDiJXDHGD
ELRGLYHUVLGDGH SURPRYHQGR XPD DJULFXOWXUD VXVWHQWiYHO H DXPHQWR GD RIHUWD GH DOLPHQWRV 2 LQWXLWR GHVVH
WUDEDOKRpHVWXGDUDVGLIHUHQoDVQXWULFLRQDLVHPFLWURVGHEDL[DHDOWDSURGXWLYLGDGHHPGXDVYDULHGDGHVGLIHUHQWHV
DWUDYpVGDDQiOLVHHOHPHQWDUGHVXDVIROKDVXWLOL]DQGRDWpFQLFD/,%62/,%6pXPDWpFQLFDPXLWRH¿FLHQWHGH
DQiOLVHGRVQXWULHQWHVGDSODQWDSRLVQmRQHFHVVLWDGHSUHSDURGHDPRVWUDVDOpPGHVHUUiSLGDHSUHFLVDSRGHQGR
VHUIHLWDin loco
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FLWURVSURGXWLYLGDGHDQDOLVHHOHPHQWDU/,%6
PRODUCTIVITY ANALYSIS IN CITRUS THROUGH NUTRITIONAL COMPOSITION OF ITS LEAVES 
USING LASER INDUCED BREAKDOWN SPECTROSCOPY
Abstract: 7KHSURMHFWLRQRI WKH%UD]LOLDQ'HSDUWPHQWRI$JULFXOWXUH LV WKDWXQWLORQH WKLUGRI WKHZRUOG
SURGXFWLRQZLOOEH%UD]LOLDQ7RLQFUHDVHSURGXFWLYLW\DQGUHGXFHZDVWHHQVXULQJRXUSURPLQHQWUROHLQWKHZRUOG
HFRQRP\WKH'HSDUWPHQWRI$JULFXOWXUHHVWDEOLVKHGDQHZSDUDGLJPIRUWKHDJULFXOWXUDOSURGXFWLRQGHYHORSPHQW
ZLWK JRRG PDQDJHPHQW SUDFWLFHV UDWLRQDO XVH RI QDWXUDO UHVRXUFHV PDLQO\ RI VRLO ZDWHU DQG ELRGLYHUVLW\
SURPRWLQJ VXVWDLQDEOHDJULFXOWXUHDQG LQFUHDVLQJ IRRGVXSSO\7KHDLPRI WKLVZRUN LV WR VWXG\ WKHQXWULWLRQDO
GLIIHUHQFHV LQ FLWUXV LQ ORZ DQG KLJK SURGXFWLYLW\ OHDYHV VDPSOHV LQ WZR GLIIHUHQW YDULHWLHV RI FLWUXV WKURXJK
HOHPHQWDO DQDO\VLV XVLQJ/,%6/,%6 LV D YHU\ HI¿FLHQW SODQW QXWULHQW DQDO\VLV WHFKQLTXH EHFDXVH LW GRHV QRW
UHTXLUHVDPSOHSUHSDUDWLRQDQGLVIDVWDQGDFFXUDWHDQGFDQEHLPSOHPHQWHGin situ
Keywords: FLWUXVSURGXFWLYLW\HOHPHQWDODQDO\VLV/,%6
1. Introdução
2VSURGXWRUHVGHFLWURVHQIUHQWDPYiULRVGHVD¿RVFRPRREMHWLYRGHDWLQJLUXPDyWLPDSURGXomRGHQWUH
HOHVRGHDXPHQWDUDSURGXWLYLGDGHHGLPLQXLURVFXVWRVFRPDDGRomRGHWHFQRORJLDVFDGDYH]PDLVVR¿VWLFDGDV
02/,10$6&$5,13DUDLVVRpQHFHVViULRJDUDQWLUTXHRVRORWHQKDDOWRVQtYHLVGHQXWULHQWHVHLUULJD-
omRIDYRUiYHOSHUPLWLQGRFUHVFLPHQWRVDXGiYHOGDSODQWD0$726-81,252GHVHTXLOtEULRQRVLVWHPD
QXWULFLRQDOyWLPRGDSODQWDSRGHDFDUUHWDUGLPLQXLomRQRFUHVFLPHQWRIDOKDVQRPHWDEROLVPRQRSHVRHQRVDERU
GRVIUXWRVLQWHUIHULQGRGLUHWDPHQWHQDVXDSURGXomR
2REMHWLYRGHVWHWUDEDOKRpHQFRQWUDUDWUDYpVGDHVSHFWURVFRSLDGHHPLVVmRySWLFDSRUSODVPDLQGX]LGR
SRUODVHU/,%6XPPpWRGRH¿FLHQWHGHDQiOLVHQXWULFLRQDOGDSODQWDSDUDGLIHUHQWHVFRPELQDo}HVHQWUHFRSDH
SRUWDHQ[HUWRTXHUHVXOWDPHPGLIHUHQWHVFDUDFWHUtVWLFDVGHDEVRUomRVtQWHVHHXWLOL]DomRGHQXWULHQWHV2/,9(,-
5$et al2VPHFDQLVPRVSHORVTXDLVDVGLIHUHQWHVYDULHGDGHVLQÀXHQFLDPQDTXDOLGDGHGRVIUXWRVQmRVmR
EHPFRQKHFLGRVHR/,%6SRUVHUXPDWpFQLFDPXOWLHOHPHQWDUWHPJUDQGHSRWHQFLDOQRHVWXGRGHSURGXWLYLGDGH
DWUDYpVGDFRPSRVLomRPLQHUDOGDVIROKDV2. Materiais e Métodos
2.1. Amostras utilizadas
3DUDDGHWHUPLQDomRHOHPHQWDUGDSURGXWLYLGDGHHPIROKDVGHFLWURVIRUDPXWLOL]DGDVGXDVYDULHGDGHVGH
&LWURV9DOrQFLD&OHySDWUDDOWDSURGXWLYLGDGHSDVWLOKDVHEDL[DSURGXWLYLGDGHSDVWLOKDVH
+DPOLQ&OHySDWUDDOWDSURGXWLYLGDGHSDVWLOKDVHEDL[DSURGXWLYLGDGHSDVWLOKDV$VDPRVWUDV
GHIROKDVGHFLWURVVmRSURYHQLHQWHVGDUHJLmRGH0DWmRLQWHULRUGRHVWDGRGH6mR3DXOR7RGDVDVIROKDVIRUDP
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OLPSDVFRPDOJRGmRXPHGHFLGRHPiJXDGHVWLODGDHVHFD$SyVRSURFHVVRGHOLPSH]DDVIROKDVIRUDPWULWXUDGDV
PDQXDOPHQWHHFRORFDGDVHPXPDHVWXIDDo&GXUDQWHKRUDV(PVHJXLGDHODVSDVVDUDPSRUXPSURFHVVRGH
PRDJHPFULRJrQLFDPDQXDO3RU¿PJGHIROKDVPRtGDVIRUDPLQWURGX]LGDVHPXPSDVWLOKDGRUHSUHQVDGDVjDOWD
SUHVVmR)RUDPFRQIHFFLRQDGDVSDVWLOKDVFRPFDGDDPRVWUDGHIROKDVGHFLWURVUHFHELGDVHREWLGRVHVSHFWURV
SRUSDVWLOKDWLURVHPFDGDIDFHGHPRGRDPLQLPL]DUSUREOHPDVFRPUHODomRjKHWHURJHQHLGDGHGDDPRVWUD
2.2. Técnica LIBS
2PRGHOR GR HTXLSDPHQWR XWLOL]DGR IRL XP/,%6 GD HPSUHVD2FHDQ2SWLFV FRPSRVWR SRU XP
laser Q-switched GH1G<$*FRPSXOVRVGHQVGHGXUDomRFRPFRPSULPHQWRGHRQGDGHHPLVVmRGHQP
HHQHUJLDPi[LPDHPWRUQRGHP-2VLVWHPDGHGHWHFomRpFRPSRVWRSRUXPFRQMXQWRGHVHWHPLQLHVSHFWU{-
PHWURVGHDOWDUHVROXomRQPTXHDEUDQJHDIDL[DHVSHFWUDOTXHYDLGRXOWUDYLROHWDSURIXQGRQPDWpR
LQIUDYHUPHOKRPpGLRQP3RU¿PXPGHWHFWRUWLSR&&'ID]RUHJLVWURGHFDGDXPDGDVOLQKDVHVSHFWUDLV8P
FRPSXWDGRUGHGLFDGRDRH[SHULPHQWRVDOYDRVHVSHFWURVREWLGRVDWUDYpVGHXPVRIWZDUHGHDTXLVLomRGHGDGRVGD
2FHDQ2SWLFV22,%DVH
&DGDUHJLmRHVSHFWUDOIRLQRUPDOL]DGDSHODiUHDHPEDL[RGDFXUYDGRHVSHFWURREWLGRSRUFDGDHVSHFWU{-
PHWUR$SyVDQRUPDOL]DomRDPpGLDGRVHVSHFWURVIRLFDOFXODGDSDUDFDGDDPRVWUD3RU¿PGHWHUPLQRXVHD
iUHDHPEDL[RGDFXUYDGHFDGDSLFRWUDoDQGRVHXPD/RUHQW]LDQDVREUHHOH(VVDViUHDVIRUDPDQDOLVDGDVHDWUDYpV
GHVXDVYDULDo}HVSURFXURXVHHQWHQGHUFRPRDFRQFHQWUDomRHOHPHQWDULQWHUIHUHQDSURGXWLYLGDGHGHXPDYDULH-
GDGHGHFLWURV
3. Resultados e Discussão
$WUDYpVGDDQiOLVHGHVVDViUHDVHVWXGRXVHFRPRDVGLIHUHQoDVQDFRPSRVLomRQXWULFLRQDOGDVIROKDVSULQ-
FLSDOPHQWHQRVHOHPHQWRVPDJQpVLRFiOFLRVLOtFLRVyGLRIHUURWLWkQLRPDQJDQrVFREUHH]LQFRLQÀXHQFLDPQD
SURGXWLYLGDGHGDYDULHGDGHHVWXGDGD$)LJXUDDSUHVHQWDDYDULDomRQXWULFLRQDOGR=Q,]LQFRDW{PLFRH6L,VL-
OtFLRDW{PLFRGHWHUPLQDGRVDWUDYpVGDiUHDHPEDL[RGDFXUYDGRVSLFRVQPHQPUHVSHFWLYDPHQWH
2EVHUYDVHPDLRUFRQFHQWUDomRGHVVHVHOHPHQWRVHPDPRVWUDVGHEDL[DSURGXWLYLGDGHSDUDDPEDVDVYDULHGDGHV
)LJXUD9DULDomRQXWULFLRQDOGRVHOHPHQWRV=Q,H6L,QDVDPRVWUDVGHDOWDHEDL[DSURGXWLYLGDGHSDUD
DVGXDVYDULHGDGHVHVWXGDGDVDTXLDQDOLVDGDVDWUDYpVGDiUHDHPEDL[RGDFXUYDGRVSLFRVQPHQP
UHVSHFWLYDPHQWH/HJHQGD*Ui¿FRDƒ=Q,$OWD+DPOLQ&OHRSDWUDŸ=Q,%DL[D+DPOLQ&OHRSDWUD=Q,$OWD
9DOHQFLD&OHRSDWUD*=Q,%DL[D9DOHQFLD&OHRSDWUD*Ui¿FREƒ6L,$OWD+DPOLQ&OHRSDWUDŸ6L,%DL[D+DPOLQ
&OHRSDWUD6L,$OWD9DOHQFLD&OHRSDWUD*6L,%DL[D9DOHQFLD&OHRSDWUD
$iUHDGRVSLFRVGRVHOHPHQWRV0J,,PDJQpVLRL{QLFRH&D,,FiOFLRL{QLFRpPHQRUHQWUHDVDPRVWUDV
GHDOWDSURGXWLYLGDGHSDUDDPEDVYDULHGDGHVHVWXGDGDVFRPRLOXVWUDD)LJXUD
$YDULDomRQXWULFLRQDOGRVHOHPHQWRV7L,,WLWkQLRL{QLFRH&X,,FREUHL{QLFRGHSHQGHGDYDULHGDGHGH
FLWURDQDOLVDGDFRPRPRVWUDRJUi¿FRGD)LJXUD1RFDVRGD+DPOLQ&OHRSDWUDDiUHDGDFXUYDGH7L,,pPDLRU
QDVDPRVWUDVGHEDL[DSURGXWLYLGDGH3DUDD9DOrQFLD&OHRSDWUDDiUHDGDFXUYDGH7L,,QmRPRVWURXGLIHUHQoD
HQWUHDVDPRVWUDV$WUDYpVGDVDQiOLVHVGDViUHDV/,%6SDUDRSLFRGH&X,,QDYDULHGDGH+DPOLQ&OHRSiWUDDiUHD
GH&X,,pPDLRUQDVDPRVWUDVGHEDL[DSURGXWLYLGDGH3DUDDYDULHGDGH9DOrQFLD&OHRSiWUDDiUHDGH&X,,pPHQRU
QDVDPRVWUDVGHEDL[DSURGXWLYLGDGH
$7DEHODVXPDUL]DDVSULQFLSDLVGLIHUHQoDVGDVYDULDo}HVQXWULFLRQDLVREWLGDVSDUDRVSULQFLSDLVPDFURV
e microelementos encontrados no espectro citro entre amostras de alta e baixa produtividade de ambas as varieda-
GHVHVWXGDGDVDTXL
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)LJXUD9DULDomRQXWULFLRQDOGRVHOHPHQWRV0J,,H&D,,QDVDPRVWUDVGHDOWDHEDL[DSURGXWLYLGDGH
SDUDDVGXDVYDULHGDGHVHVWXGDGDVGHWHUPLQDGRVDWUDYpVGDiUHDHPEDL[RGDFXUYDGRVSLFRVQPH
QP UHVSHFWLYDPHQWH/HJHQGD*Ui¿FRD ƒ0J,,$OWD+DPOLQ&OHRSDWUDŸ0J,,%DL[D+DPOLQ&OHRSDWUD  
0J,,$OWD9DOHQFLD&OHRSDWUD*0J,,%DL[D9DOHQFLD&OHRSDWUD*Ui¿FREƒ&D,,$OWD+DPOLQ&OHRSDWUDŸ&D,,
%DL[D+DPOLQ&OHRSDWUD&D,,$OWD9DOHQFLD&OHRSDWUD*&D,,%DL[D9DOHQFLD&OHRSDWUD
)LJXUD9DULDomRGDFRQFHQWUDomRGRHOHPHQWR7L,,QPH&X,,QPQDVDPRVWUDVGHDOWD
HEDL[DSURGXWLYLGDGHSDUDDVGXDVYDULHGDGHVHVWXGDGDVDTXL/HJHQGD*Ui¿FRDƒ7L,,$OWD+DPOLQ&OHRSDWUD
Ÿ7L,,%DL[D+DPOLQ&OHRSDWUD7L,,$OWD9DOHQFLD&OHRSDWUD*7L,,%DL[D9DOHQFLD&OHRSDWUD*Ui¿FREƒ&X,,
$OWD+DPOLQ&OHRSDWUDŸ&X,,%DL[D+DPOLQ&OHRSDWUD&X,,$OWD9DOHQFLD&OHRSDWUD*&X,,%DL[D9DOHQFLD
&OHRSDWUD
 7DEHOD6XPiULRGDYDULDomRQXWULFLRQDOGRVHOHPHQWRVWtSLFRVHQFRQWUDGRVQRHVSHFWURGHFLWURVREWLGR
FRPR/,%6SDUDDVYDULHGDGHVGHDOWDHEDL[DSURGXWLYLGDGH
(OHPHQWR &RQFHQWUDomR
=Q, $OWD3URG%DL[D3URG
0J,,H0J, $OWD3URG!%DL[D3URG
Si I $OWD3URG%DL[D3URG
0Q, $OWD3URG%DL[D3URG
1D,,H1D, $OWD3URG%DL[D3URG
&D,,H&D, $OWD3URG!%DL[D3URG
7L,, 'HSHQGHGDYDULHGDGH
)H, $OWD3URG!%DL[D3URG
&X,, 'HSHQGHGD9DULHGDGH
4. Conclusões
 2/,%6PRVWURXJUDQGHSRWHQFLDOQDLQYHVWLJDomRGDFRPSRVLomRHOHPHQWDUGDVIROKDVGHFLWURVHVXD
DVVRFLDomRFRPDSURGXWLYLGDGHGDSODQWDQRFDPSRSDUDGLIHUHQWHVYDULHGDGHV&RPRGLIHUHQWHVYDULHGDGHVUHVXO-
WDPHPGLIHUHQWHVFRQFHQWUDo}HVGHPDFURHPLFURQXWULHQWHVQDSODQWDREVHUYDVHGLIHUHQWHVHVSHFWURVHOHPHQWDUHV
FDUDFWHUtVWLFRVGHFDGDYDULHGDGH/,%6pXPPpWRGRLQWHUHVVDQWHSDUDDSOLFDomRin loco por ser rápido e de baixo 
FXVWRHSUDWLFDPHQWHQmRKiQHFHVVLGDGHGHSUHSDUDomRSUpYLDGHDPRVWUD
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